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Presentation Outline

A Background and motivation

A Simulation Setup Determine and validate the
optimal catalyst particle drag model

A Simulation Setup Validate Residence Time
Distribution (RTD) calculatioby comparingo
experimental data

A Simulation Application Predict gas and catalyst
RTDs in the NREL VPU reactor over a range of
operating conditions

A Conclusions and next steps
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Consortium for Computational Physics and Chemistry (CCPC)

Atomic Scale MesoScale Process Scale
Catalysis Modeling Particle Modeling Reactor Modeling

Determining optimal
residence time
distributions for

maximum yield and
enabling scaleip

Investigating novel catalyst material

combinations and understanding Understanding mass transport of
surface chemistry phenomena to guide reactants/products and coking
experimentalists and degradation processes
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Advanced Catalyst
Synthesis & Characterization
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Vision:The computational toolset developed by CCPC facilitates the modeling of biomass indu s 000001
from atomic to process scales, thereby reducing the cost, time, and risk in commercializing bic es
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Background and Motivation

A Goal of this work Use reactoiscale multiphase
computational fluid dynamics simulations of

provide:

Model validation using experimental data

Determine gas and catalystsidence time distributiongor
use in reduceébrder reactor models and to help guide
experiments

Provide a validated computational tool to support reactor
design, scakeip, and optimization

A Models use the NETUFiXSoftware Suite

Chem

MFiX¢ MultiphaseHow with interphaseeXchanges

CFD software for reacting, multiphase flow developed
and supported by NETL

OpenSource, available to the public

Bio 'J-MFS NETL MultiF'r:;:;owScienc.e c P'C Www.cpcbiomass.org

Reactor Modeling

catalytic upgrading of biomass pyrolysis vapor to Determining optimal
residence time

Detailed modeling of hydrodynamics, chemistry, and heat distributions for
transfer maximum yield and

enabling scaleip
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Background and Motivation

A CCPC reactor simulations study a broad range of NREL reactor scales
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Background and Motivation

A The NREL-Rubed Vapor Phase Upgrader (VPU) Riser is the subject of this study

Computational
Domain in Red
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Simulation Setup; Determine and validate the
optimal catalyst particle drag model

Outlet Outlet Outlet Outlet

A The VPU system is challenging to |+t At i

model
0.19m 0.10 m

- Small HZSM5 (ECAT) particles
need special consideratiorGeldarts

A classification

- Wide range of hydrodynamics
encountered in fuHoop CFBs

0.60 m
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- Limited grid resolution dueto £ N/
computational cost
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A A comprehensive evaluation of
drag models for Group A partlclés wmE £ NV O
was performed o
- Eight drag models were evaluated o
over a range of fluidization 0,025 m
re g Imes @olllild Inlet
- Detailed, threedimensional P i R T
simulations were conducted Gas e Gt (s and Sl e Gas
- Model reSUItIS&Nere compared to Bubbling Turbulent Fast. Pneumatic
experimental data Fluidization Fluidization ~ Fluidization Transport
A Axial profiles of timeaveraged gas
volume fraction were basis of : ‘izt -
comparison Different fluidization regimes foGeldartGroup A

A Data from literature particles were studied
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Simulation Setup; Determine and validate the

optimal catalyst particle drag model
A Evaluate the agreement for subbling fldized bed
all fluidization regimes Turbulent fluidized

. Fast fluidized bed
- Define an average error

Pneumatic transport

- Based on this metric, the
filtered model ofSarkaret
al. (2014)and the EMMS(Li \
and Kwauk 1994)models
yield the best agreement for il
all fluidization conditions

A However, EMMS is system and operation dependent
A A new drag expression is needed for each operating condition
A Depends on temperature, solid circulation rate, superficial gas velocity, etc.

A Sarkar et al. (2014) is a universal modekas selected as the best option
for large-scale VPU simulations

Sarkar A., Sun)Spndaresafif ® OHAMN U *SNAFAOFGAZ2Y 2F adzomaINAR FAE GSNBR RNI 3 YRSt
Engineering Science, 114, 1454,
Li, J.Kwauk M., (1994), Partickeluid Twephase Flow, The Enerl§inimization MultiScale MethodMetallugicalindustry Press, Beijing, China.
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